ii. Carbon Monoxide 


II.OI PRINCIPLE 

The vapour phase of cigarette smoke is collected in a sample bag and the concentration of 
carbon monoxide is measured by a Non Dispersive Infra-Red instrument (NDIR) specially 
calibrated for carbon monoxide. 

11.02 RANGE 

Dependent on the NDIR instrument used; for the Bosch instrament the range ìs o to i o % v/v. 
For the Junkalor, the range is o to 20% v/v. The range of either of these instrunaents can be 
extended by suitable dilution of the sample, but carbon monoxlde Ievels are usually below 
10% v/v. 

With typical cigarettes and a satisfactory sampling scheme a smoking of 8 cigarettes wíll 
give confidence limits (P = 0-95) for the mean of the order of ± 0-5% v/v; ±1*2 mg/ctte 
(mean about 6*5 % v/v; 2.6 mg/ctte.) 

ir.03 APPLICABILITY 

AII cigarettes and cigars may be tested. , 

II.04 APPARATUS 

SmokingMachme —A Cigarette Components Ltd model 301 eight chamiel smoking macliine or 
equivalent is used complete with Cambridge Filter holders and dlses. The volume of air 
(‘dead’ volume) betrween the cigarettes and the collecting bag must be kept to the minimurn 
and this is best achieved by a modification to the tnodel 301. 

Samplìng Bags —Made as requited from latninated plastic sheet such as ‘Metathene', supplied 
by the Metal Box Company. 

'1 'bree-way G/ass Tap —With a 5 mm bore stopcock. 

Heat Sealing Machìne —To make the sampling bags. 

Vacuum Pump —Small laboratory model such as the Edwards ECB-i to evacuate the 
sampling bags. 

N.DJ.R. Carbon Monoxìde Analjssr —For the measurement of carbon monoxide concen- 
ttatìon, instruments such as supplied by Bosch or Junkalor. 

ii.oj reagents 

Calibratioti Gas Aíixtares —At least three standard gas mixtures containíng known concen- 
tratíons of catbon monoxide in nitrogen (approximately 2%, 5% and 9% by volume). 
Certificates of analysis must be obtaíned from the suppliers. 

11.06 PRECAUTIONS 

Normal piecautíons should be taken when handling carbon monoxide cylinders. Only 
recently manufactured standard mixtures should be used; it has been shown that carbonyl 
formation in steel cylinders can occuí duríng storage, Ieading to anomalous results. 

The N.D.I.R. instrument must be operated strictly in accordance with the manufacturer’s 
instmctìons particularly with regard to the warm-up time. 

PRQCEDURE 

ir.07 INSTRUMENT SET-UP 

Check and adjust if necessary the mechanícal zero of the meter. Switch on ihe powet supply 
to the instrument and leave for at Ieast fifteen minutes. Adjust the electrical zero if necessary. 
Check and adjust the calibratíon. Spedal attentíon must be paid to the manufacturcr’s 
instructions. 

11.08 calibration 

Transfer a portíon of each standard gas mixture to a plastíc bag, prepared as in 11.09; cylinder 
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n.o8 cont. 

pressure reguíators and connections must be tlioroughly purged before fiìltng the bag. 
Connect each bag in turn to the inlet of the insttument. Draw the standard gas through the 
instrument by operattng the pump push-button. as for the yapour phase measurement (ix.t i), 
Wait for a steady reading, and record this vaiue. Construct a calìbration graph of scale reading 
against actual concentration v/v. Repeat the calibtation daíly, or more frequently if instrument 
drift is observed. 

TX .09 preparation op sampling bao 

Fold in half a suitable size piece of the plastic sheet with íhe polyethylene face innermost. 
Seal two of the three open edges using the heat sealing machine. Insext a metai sttip (1 3 mm 
wide) in the centre of, and hetween the two faces on, the fourth edge to a depth of z\ inches 
and seal this edge at a depth of 2 inchcs belo'W the top. Seal the sheet along the sides of the 
metal strip. Remove the metal strip. Cut away the top cotners (unsealed portion) of this bag 
to ieave a “neck” to the bag. Bind the neck of the bag to the verticalarm of the 3 -way tap with 
self adhesíve P.V.C. electrical tape. Test the bag for leaks by evacuatíng it. If the bag does not 
re-inflate it is ready for use. Turn the three-way tap so that tlie bag is isolated from the 
atmosphere and the smoke strearn. Connect one side arm of the tap to the exliaust manifold 
of tlie smolòng macbine using a msmually tightened clip. 

11.10 smoking 

Prepare the smoking machine as described in the relevant parts of section 2 and the C.F. 
hoiders as in 3.1.or. Attach the prepared C.F. holders to the smokíng ports and set up the 
puffvoiume as desctibed in section 2. Mark the cigatettes as described in secdon 2. Immediately 
prior to lighting turn the three-way tap such that the exhaust from the smoking tnaciiine wílí 
enter the bag and not be vented to the atmosphere. Light the cigarettes. When the majority 
of the cigarettes have reaclied the butt mark, exlinguish ail the burning coals. Record the 
pufF number. N.B. All ports must be allowed to take the same number of whole puffs. Do not 
attempt to cxtinguísh indtviduai coals during a puíf. Take one or more clearing puffs and 
record the total ptiff number. The number of clearing puffs required v/iH depend on the dead 
volurne and must be determined before samples are analysed. Disconnect the bag from the 
smoking machine. Knead the bag to mix the contents. 

11.11 MEASUIÍEMENT 

Connect the glass tap to the inlet of the analyser making sure that the connection is leakproof. 
Open the three-way tap and press the pump push-button. Recotd the reading oa tbe scale 
when a steady reading shows. With the pump still ìn operation, disconnect the glass tap. 
Wlien the needle has returned to zero, release the pump push-button. Read the average 
concentration of carbon monoxide (% by Vol.) from the calibration graph. This gives the 
observed concentration. 


II. 12 REPOItTING OF RESULTS 

Report the result as concentration (% by Vol.) and yield (mg/dgarette). These ate calculated 
as follows: 


C 

Where C 

C obs. 

Nc 

N/ 


Yield 

Where Nc 
V 
P 
T 

C obs. 


= C obs. X r-r-T 
Nl 

= - Actual concentration 
— Observed concentration 

= Total number of puffs per cigarette inciuding the clearing puff(s) 

= Number of puifs pet cigarette on the lit cigarette 
0-0045 X Nc X V X P X Cobs. 

*“ ' T~ 

= Total numbet of puffs pet cigarette includiag the clearing puff(s) 

= Puff volume (cm 3 ) 

= Atmospherlc pressure (mm Hg) 

= Temperaturemtheroomwherethesmokixigmachineiskept(K) . 
= Observed concentration (% by V olutne). 
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